In situ calibration is a proposed strategy for continuous as well as initial calibration of an impact disdrometer. In previous work, a collocated tipping bucket had been utilized to provide a rainfall rate based ~11/3 moment reference to an impact disdrometer's signal processing system for implementation of adaptive calibration. Using rainfall rate only, transformation of impulse amplitude to a drop volume based on a simple power law was used to define an error surface in the model's parameter space. By incorporating optical extinction second moment measurements with rainfall rate data, an improved in situ disdrometer calibration algorithm results due to utilization of multiple (two or more) independent moments of the drop size distribution in the error function definition. The resulting improvement in calibration performance can be quantified by detailed examination of the parameter space error surface using simulation as well as real data.
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INTRODUCTION
Instruments that measure a property of rainfall, often measure a "moment" of the drop size distribution (DSD), expressed by
(Note that si units are used throughout this paper in order to avoid complications arising from integrating the DSD over quantities containing a mixed set of units. This may lead to awkward numbers at times, but it is usually a simple matter to convert back to standard units for plotting purposes or comparison to familiar values). The DSD moment is defined as:
Weather radar measures the sixth moment of the DSD (n = 6). A tipping bucket rain gauge measures approximately the 11/3 moment (n = 3 + 2/3), where D 3 corresponds to equivalent spherical drop volume and D 2/3 is the Atlas and Ulbrich (1977) drop size dependence of the terminal velocity approximation. Optical extinction of a laser measures the second moment (n = 2). A disdrometer measures the DSD flux which is related to the DSD via the drop terminal velocity function. Note that in this paper the DSD, N(D), and "drop spectrum" all describe the same physical quantity, the number drops aloft per volume [m -3 ] per drop size [m -1 ]. Disdrometer "drop spectrum flux" is a related quantity represented by D(t) and is the quantity measured by a calibrated disdrometer, displayed as a scatter plot of all individual drop sizes measured versus time of measurement.
An impact disdrometer is typically calibrated by single drops of known size falling at a terminal velocity. Terminal velocity for large drops requires a substantial height of fall, at least 10 m or more. A disdrometer calibrated this way may have a very different response to normal and high rainfall rate conditions, which may lead to large measurement errors, analogous to tipping bucket errors under high rainfall rate conditions. One way to solve this problem is to calibrate a disdrometer under real-time conditions, or in situ calibration.
Optical disdrometers based on processing signals generated by single drops passing through a laser are well-known and have been used effectively (Löffler-Mang and Joss 2000) . Measuring optical extinction of visible and near visible light has long been recognized as a means to qualitatively characterize rainfall along a path length of meters to kilometers (Atlas 1953 , Uijlenhoet et al. 2011 ). An in situ comparison of rain gauges to disdrometers has been used to address questions related to disdrometer measurement uncertainties (Tokay et al. 2013) . Spatial variability of the DSD has been carefully studied near Ciudad Real, Spain, using 16 laser disdrometers (Tapiador et al. 2010) . The researchers concluded that additional disdrometers were
